
July 7, 1942. N. H. COUGH 2,289,243 
MODULATOR ARRANGEMENT 

Filed June 5, 1940 

f79. /a/. 

AMODL// a77OAW 
/2 AO7EW7/AL 

SOL/ACAF 

A/AAC7 
Cl/AARAW7 
SOVACA 

A/GA/ 
AAAQUAMCY, 

NVENTOR 
WEWSOMA. A. CZOI/GH 

AORNEY 

    

  

  

  

  



Patented July 7, 1942 2,289.243 

UNITED STATES PATENT OFFICE 
2,289,243 

MODULATOR, AERRANGEMENT 
Newsome Beary Clough, Brentwood, England, as 

signor to Raio Corporation of America, a cora 
poration of Delaware 
Application June 5, 1940, Serial No. 338,861 

In Great Britain February 6, 1939 c 
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This invention relates to amplifier arrange 
ments and more particularly, though not exclu 
sively, to amplifier arrangements for modulated 
carrier wave radio transmitters. The invention 
has for its main object to provide coupling ar 
rangements between so-called sub-modulator 
and modulator valves. 
According to this invention an amplifier ar 

rangement comprises a main modulator stage 
Connected in series with a stage at which modu 
lation is to be effected across a source of poten 
tial, a circuit including a direct, current per 
meable impedance in series with a sub-modulator 
stage being connected across said second men 
tioned stage, and the junction of said imped 
ance with said sub-modulator stage being con 
nected to the grid of the main modulator stage, 
modulating potentials being applied between the 
grid of the sub-modulator stage and the cath 
Ode thereof. i 

In describing my invention reference will be 
made to the attached drawing wherein Figure 1 
illustrates a modulation system comprising a 
main modulator stage, a modulated stage coupled 
thereto, and a sub-modulator stage connected 
with the main modulator stage and the modul 
lated stage, and Figures 1a, 1b and 1c each show 
a modification of the arrangement in Figure 1. 
In the modification of Figure la a direct current 
Source is added in the coupling between the main 
modulator and the sub-modulator. In Figure 1b. 
a reactor is added in the coupling between the 
main modulator and the sub-modulator, while 
in Figure 1c a transformer is used in this cou 
pling. 
In one way of carrying out this invention ill 
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lustrated in the accompanying drawing, there is 
employed a main modulator valve Wim having its 
anode 6 connected to the positive terminal HT-- 
of a direct current source 9 and its cathode 0 
connected to the high potential terminal of a 
high frequency carrier stage-usually a "driven' 
high frequency amplifier-these elements being 
Iepresented, in general, by the reference R. The 
cathode of the high frequency valve is con 
nected to earth and to the negative terminal 
HT- of the direct current source. The cathode 
0 of the modulator valve Win is also connected, 

through a resistance Rb, to the anode 2 of a 
sub-modulator valve Ws, whose cathode f4 is con 
nected to earth through a source Eb of negative 
bias potential, for example a direct current gen 
erator. The anode 2 of the sub-modulator 
valve Vs is also directly connected to the grid 6 
of the modulator valve Wm. Input modulating 
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19-15) 
potentials are applied to the grid 8 of the sub 
modulator valve Vs and through a source B of 
potential to the cathode of said sub-modulator, 
said source of potential having its positive ter 
minal towards said cathode. 
The operation of the arrangement is as foll 

OWS: 
In the absence of modulation input the voltage 

drop across the modulator valve and that across 
the resistance Rb are approximately equal and 
the current in each is half the maximum which 
flows for 100% modulation. For these condi 
tions the sub-modulator valve Vs is so biased 
that the voltage drop due to its anode current in 
the resistance Rb is substantially equal to the 
bias required by the modulator valve Wm. at the 
voltage and current at which it is operating. If 
now the grid, connected to the terminal T, of 
the sub-modulator valve Wis is made sufficiently 
negative with respect to the other modulation in 
put terminal T2 to prevent current flow in the 
sub-modulator valve even at the full value of 
high tension voltage, there will be no voltage 
drop across the resistance and the bias on the 
modulator valve Wim will be removed. If, on the 
other hand, the grid of the sub-modulator valve 
Ws is made positive relatively to the previous po 
tential thereof or relatively to T2 by an amount 
equal to the steady voltage between said cathode 
and the said other modulation input terminal T2, 
(i. e. equal to the bias voltage provided by the 
source B) the sub-modulator bias will, in effect, 
be removed. In consequence the increased cur 
rent through the resistance Rb will apply more 
bias to the modulator valve, and this will reduce 
the current passed by the modulator valve Vm, 
in turn reducing the voltage applied to the sub 
modulator valve and preventing any great in 
crease in current through the Said resistance Rb, 
By suitable selection of the values of the said 
resistance Rb and of the auxiliary source Eb be 
tween the cathode of the Sub-modulator valve 
and earth, it is possible to arrange for the volt 
age across the said resistance Rb, i. e. the modu 
lator valve bias, in the condition mentioned, to 
approach cut-off. The two conditions, one 
where the grid of the sub-modulator valve Vs is 
negative and the other where the said grid is 
positive, both with respect to the said other mod 
ulation input terminal, correspond respectively to 
the "peak' and 'trough' of deep modulation. 
Where less deep modulation is required, the aux 
iliary source Eb between the cathode of the sub 
modulator valve and earth, might be omitted. 
An advantage of the invention is that the cou 
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pling between the sub-modulator and modulator 
valves is substantially purely resistive, and the 
circuit, therefore, is suitable not only for cases 
where sinusoidal inputs and outputs are in ques 
tion, but also in cases where non-sinusoidal Wave 
forms arise, e. g. for telegraph systems or for 
television systems. 

In order to increase the upward Swing of 
modulation it may be desirable, in Some cases, 
to include a source of potential between the re 
SitSance Rb and the cathode of the modulator 
valve Wim, the negative end of said source being 
towards said Cathode. This arrangement has 
been shown in Figure 1a. In practice this source 
of potential might take the form of a rectifer 
and filter circuit receiving input from an extra 
winding on a transformer normally employed for 
heating the flament or cathode of the modu 
lator valve. 
Alternatively in cases where direct current 

amplification is not involved, a check 26 may be 
Substituted for the Submodulator anode resist 
ance Rb, bias for the modulator valve being pro 
vided by a capacity shunted resistance Rb" on 
the positive side of the choke as shown in Fig 
ure 1b. Where 100% modulation is required the 
choke may be extended beyond the sub-modu 
lator anode, i. e. the said anode may be con 
nected to a tap on the choke as shown in Figure 
1b, or, instead of this tapped choke arrange 
ment-which is, in effect, an auto-transformer 
arrangement, a double wound transformer 30 
may be used as shown in Figure lic, to reduce 
magnetic leakage. 
Although the main application of the inven 

tion is to radio and like transmitters, and it has 
been particularly described as so applied, the in 
vention is applicable to amplifier arrangements 
generally; for example, the high frequency stage 
hereinbefore referred to might be replaced by 
the resistance of a loudspeaker or an audio fre 
quency load of any Sort in cases in which it was 
required to amplify audio frequency. 
What is claimed is: 
1. In an amplifier System, two electron dis 

charge devices each having an anode, a cathode 
and a control electrode, a source of direct cur 
rent potential, a load circuit connected in series 
with the internal anode-cathode impedance of 
One of Said devices, means coupling said series 
arrangement of load circuit and internal device 
impedance acroSS Said source of direct current 
potential, the anode of said one device being con 
nected to the positive terminal of said direct cur 
rent source, said load circuit being between the 
cathode of Said one device and the negative ter 
minal of Said direct current source, an impedance 
connected to the anode of said other device and 
in series with the internal anode-cathode in 
pedance of the other device, connections con 
necting Said last series arrangement of said last 
named impedance and the internal impedance 
of Said other device in shunt to said load circuit, 
a Substantially direct connection between the 
anode of Said other device and the grid of said 
One device, and means for impressing voltages to 
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be amplified on the grid and Cathode of Said 
other device. 

2. In a modulation system, two electron dis 
charge devices each having an anode, a cathode 
and a control electrode, a high frequency stage 
wherein high frequency energy to be modulated 
is set up and a source of direct current con 
nected in Series with the internal anode-Cathode 
impedance of one of said devices, the positive 
terminal of said source of direct current being 
connected to the anode of said one device, said 
high frequency stage being connected between 
the Cathode of said one of said devices and the 
negative terminal of said source of direct cur 
rent, an impedance connected to the anode of 
the other device and in series with the internal 
anode-cathode impedance of said other device, 
connections connecting said last series arrange 
ment of said impedance and said internal anode 
Cathode impedance of said other device in shunt 
to said high frequency stage, a Substantially di 
rect connection between the anode of said other 
device and the grid of said one device, and means 
for impressing modulating voltages on the grid 
and Cathode of said other device. 

3. A system as recited in claim 1, wherein a 
Source of direct current potential is included in 
said connections connecting Said last Series ar 
rangement of impedance and internal tube im 
pedance in shunt to said load circuit. 

4. In a nodulation system, two electron dis 
charge devices each having an anode, a cathode 
and a control electrode, a radio frequency stage 
and a Source of direct current connected in Series 
With the internal anode-Cathode impedance of 
One of Said devices, the positive terminal of Said 
Source of direct Current being connected to the 
anode of said one device, said radio frequency 
stage being connected between the cathode of 
Said one device and the negative terminal of said 
source of direct current, an impedance connect 
ing the anode of the other device to the cathode 
of Said. One device, a source of direct current po 
tential connecting the cathode of the other, de 
vice to said radio frequency stage at its point of 
Connection to the negative terminal of Said di 
rect current source, a connection between the 
anode of Said other device and the grid of Said 
One device, and means for impressing modulat 
ing potentials on the grid and Cathode of Said 
Other device. 

5. A System as recited in claim 4 wherein said 
impedance connecting the anode of said other 
device to the cathode of said one device is 
Shunted by a condenser and wherein said con 
nection between the anode of said other device 
and the grid of Said one device includes an in 
ductance. 

6. A System as recited in claim 4 wherein said 
impedance connecting the anode of the other de 
vice to the cathode of said one device is shunted 
by a Condenser and wherein said connection be 
tween the anode of said other device and the grid 
Of said One device includes a transformer. 
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